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Hemophilia is a rare bleeding dis-
order caused by deficiency in clot-
ting factors. Clinical features in-
clude prolonged or excessive 
bleeding after injury, easy bruising, 
pain and swelling in joints, hema-
turia, hematochezia, and nose-
bleeds. Hemophilia is a genetic 
disorder and there are several 
types. Hemophilia A (No. 306700 
in the Online Mendelian Inheri-
tance in Man, or OMIM, database) 
is the most common and caused by 
genetic mutations in coagulation 
factor VIII (OMIM: 300841). Hemo-
philia B is the second most com-
mon and caused by genetic muta-
tions in coagulation factor IX. He-
mophilia C is milder and caused 
by genetic mutations in coagula-
tion factor XI. Hemophilia A and B 
are X-linked while hemophilia C is 
autosomal (long arm of chromo-
some 4). Normal platelet count and 
prothrombin time with a pro-
longed activated partial thrombo-
plastin time are typical findings for 
a diagnosis of hemophilia A and B. 
Testing for specific clotting factor 

deficiencies can then separate the 
types and lead to a definitive 
diagnosis. 

Diagnosis of hemophilia usually 
occurs by age two. Treatment for 
moderate to severe cases includes 
prophylactic clotting factor injects, 
injury/surgery avoidance, and 
prompt treatment of acute injuries. 
Here we present a case of a patient 
with severe hemophilia A, which 
was further complicated by Moy-
amoya, a disease involving intra-
cranial carotid artery occlusions.

Patient case. The patient is a 
22-year-old male with hemophilia 
A, factor VIII levels historically in 
the range of zero to one percent, 
and a clinical history consistent 
with a severe hemophilia pheno-
type. The patient is hypertensive, 
has mild left ventricular hypertro-
phy, chronic arthropathy of the left 
elbow, and left kidney cysts. The 
patient was also noted to be mac-
rocephalic and of short stature 
with unspecified developmental 
delays. Treatment consists of pro-
phylactic factor VIII of 20 U/kg 
three times a week and 10 mg lisin-
opril daily for hypertension. Pa-
tient is followed regularly to moni-

tor hypertension, factor VIII levels, 
and any acute injuries that need 
medical attention. 

The patient presented to the 
emergency department after an 
unwitnessed syncopal episode, 
and he became lethargic, diapho-
retic, and unresponsive during 
triage. On CT imaging an acute 
right frontal temporal extra-axial 
hemorrhage with right-to-left shift 
was identified. Craniotomy was 
performed to remove the subdural 
hematoma. The patient remained 
in the hospital for five months due 
to complications from seizures and 
pneumonia.

A month after admission, the 
patient had an intracranial hemor-
rhage that required a right frontal 
lobectomy. Upon histological ex-
amination of the resected brain 
tissue, there was evidence of a re-
solving hematoma in the subarach-
noid space and a subacute infarc-
tion involving the right frontal 
cortex and white matter. The sub-
acute infarction was evident by 
necrotic brain tissue infiltrated by 
abundant macrophages and acti-
vated micro glia, and was accom-
panied by proliferative capillaries. 
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Also noted were penetrating ves-
sels with thickened adventitia and 
thinning media, and focal disrup-
tion of elastic lamina of a larger 
blood vessel. Subsequent cranial 
angiogram showed these vascular 
changes were consistent with a 
diagnosis of Moyamoya disease.1

Moyamoya disease is a disorder 
of the cerebral vasculature, with 
bilateral occlusion of the intracra-
nial carotid artery associated with 
telangiectatic vessels in the basal 
ganglia (OMIM:252350). Diagnosis 
is based on these findings in a ce-
rebral angiography or magnetic 
resonance angiography. The name 
results from the Japanese word 
used to describe the angiographic 
findings, which resemble a puff of 
smoke. Patients with Moyamoya 
disease may present differently 
depending on the age of onset. 
Childhood cases usually present 
with epileptic seizures or acute 

hemiplegia, whereas subarachnoid 
bleeding is more common in adult 
cases. Treatment for Moyamoya 
disease may involve antiplatelet 
medication or surgery to revascu-
larize the affected areas, both of 
which pose a significant risk for a 
hemophilic patient.

Given the complicated clinical 
picture for the patient involving 
both hemophilia and Moyamoya 
disease, he was counseled and con-
sented to a genetic workup to iden-
tify any underlying genetic cause. 
Results of the genetic testing 
showed a 46,XY normal male 
karyotype. Chromosomal microar-
ray testing showed a submicrosco-
pic deletion on the long arm of X 
chromosome. The deletion is inter-
stitial at Xq28 and is 83 kilobases 
in size, from positions 154,246,916-
154,329,983 (GRCh37/hg19). The 
region contains five genes (F8, 
FUNDC2, CMC4, MTCP1, and 

BRCC3), three of which are listed 
in OMIM: F8 (OMIM: 300841), 
MTCP1 (OMIM: 300116), and 
BRCC3 (OMIM: 300617, Fig. 1). 

F8 is coagulation factor VIII and 
the deletion removes the 5 ′ coding 
region of the gene, causing its dis-
ruption and the severe hemophilia 
in the patient. The deletion also 
disrupts BRCC3, a deubiquitinat-
ing enzyme that is part of the 
BRCA1/BRCA2-containing com-
plex. It has been shown that 
BRCC3 mutations are the caus-
ative gene for Moyamoya disease 
features for MoyaMoya4 locus on 
chromosome Xq28.2,3 Furthermore, 
deletions involving this region and 
including all three genes have been 
implicated in a new disease re-
ferred to as Severe Hemophilia and 
Moya moya (SHAM) syndrome 
(OMIM: 300845).4 In addition to the 
defining clinical features of hemo-
philia and Moyamoya, people with 
SHAM are of short stature, have 
dysmorphic features, and may de-
velop cardiomyopathy and left 
ventricular enlargement. For this 
patient, genetic testing identified 
an 83 kilobase deletion on the X 
chromosome and revealed a single 
underlying genetic cause for his 
clinical manifestations. These find-
ings provide crucial information 
for his clinical management in the 
future.

After the deletion was identi-
fied, the patient received addi-
tional genetic counseling and fa-
milial testing was offered. The pa-
tient’s sister decided to pursue 
genetic testing because she was 
concerned about her reproductive 
risk and has a history of postsurgi-
cal bleeding and easy bruising, 
common symptoms for female car-
riers of hemophilia. Genetic testing 
showed that she is a heterozygous 
carrier for the Xq28 deletion found 
in her brother. She received genetic 
counseling and was informed of 
the risk of passing the deletion to 
her children. Because the deletion 
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Fig 1. Chromosomal microarray result showing 83 kilobase interstitial deletion on Xq28. Xq28 deletion and 
normal flanking regions in the patient and his sister. The copy number state shows a red bar indicating 
the area of loss on chromosome X. The Log2 Ratio, Weighted Log2 Ratio, and Allele tracks show loss of 
signal in the region from positions 154,246,916-154,329,983 (GRCh37/hg19). In this case there is one 
copy of the flanking regions but zero copies in the 83 kilobase deletion. The smooth signal gives a best fit 
for the array data across that region. Genes are listed below the data tracks and show that the 5 ′ regions 
of F8 and BRCC3 are lost. FUNDC2, MTCP1, and CMC4 are fully removed by the deletion. The genomic 
coordinates and chromosomal position are listed at the bottom.



is on the X chromosome, there is a 
50 percent chance that a son would 
be affected. For daughters, there is 
a 50 percent chance that they, like 
their mother, would be a carrier.

The patient and his sister have 
the same Xq28 deletion, suggesting 
they inherited it from their mother; 
however, germline mosaicism is 
still possible. The patient’s mother 
was not available for genetic test-
ing, but the patient reports that she 
had easy bruising and his maternal 
uncle had hemophilia and died at 
age four. Given the mother is 
symptomatic and has an affected 
son and brother, she fits the criteria 
for an obligate carrier. These find-
ings make germline mosaicism 
unlikely and show that the Xq28 
deletion is a familial mutation.

Discussion. Genetic testing in this 
patient at an earlier age would 
have been advantageous. The X 
chromosome deletion provides an 
understanding of the severe hemo-
philia phenotype of the patient, 
which can help in clinical manage-
ment. In addition, genetic testing 
identified disruption of genes in 
addition to coagulation factor VIII. 
BRCC3 is known to be the caus-
ative gene for Moyamoya disease 
4. Although treatment options 
have been disappointing for Moy-

amoya disease, an earlier genetic 
diagnosis would have allowed for 
better monitoring and clinical 
management of the disorder. Fi-
nally, familial testing provided 
important carrier status informa-
tion and counseling to the patient’s 
sister, which will be beneficial in 
family planning. 
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Test yourself
Here are three questions taken 
from the case report. Answers are 
online now at www.amp.org/casereviews 
and will be published next month 
in CAP TODAY.

1. Patients with hemophilia A 
have mutations in which gene?
a)  Coagulation factor II
b)  Coagulation factor VIII
c)  Coagulation factor IX
d)  Coagulation factor XII

————————————————

2. SHAM is associated with which 
type of genetic mutation?
a)  Single gene deletion
b) Contiguous gene deletion
c)  Gene duplication
d)  Chromosomal translocation

————————————————

3. In addition to hemophilia and 
Moyamoya disease, which of the 
following are clinical features of 
SHAM syndrome?
a)  Dysmorphic facial features
b)  Cardiomyopathy
c)  Short stature
d)  All of the above
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